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Abstract
Large carnivore populations have suffered declines worldwide. For the African continent, these have been particularly
strong in West and Central Africa. The Bénoué Complex in North Cameroon, located in Central Africa, is a key
landscape for their conservation. We determined spatiotemporal trends in lion (Panthera leo), leopard (Panthera pardus)
and spotted hyaena (Crocuta crocuta) abundance, using repeated spoor counts on transects from 2007 to 2015. Results
of the temporal analysis indicate that lion and spotted hyaena abundance reduced over time across the complex, whereas
leopards only declined in the last 2 years and primarily in the Faro Block. From the spatial analysis, it became clear
spoor abundances differ between areas within the Bénoué Complex and between management types: Spoor densities
were especially higher in Bouba Ndjida National Park and the hunting zones around Faro. This effect is most probably
related to a more effective management strategy in these areas. Our fine-scale long-term monitoring technique provides a
low-cost, easy to implement, multi-scale and effective tool for the identification of both regional and range-wide
carnivore conservation hotspots.
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Introduction
Large carnivores are among the most threatened taxa due to
their large ranges, low densities and propensity for conflict
with humans, and as keystone species, their disappearance
can have cascading effects on entire ecosystems (Estes et al.
2011; Ripple et al. 2014; Le Roux et al. 2018). Habitat deg-
radation, fragmentation, prey depletion and human-carnivore
conflicts are the main causes of large carnivore declines in
Africa (Woodroffe et al. 2005; Lindsey et al. 2017; Green
et al. 2018; Everatt et al. 2019). Human populations have
grown rapidly in the last century, which caused drastic de-
clines in both distributional range and numbers throughout
the continent (Hofer and Mills 1998; Riggio et al. 2013;
Jacobson et al. 2016).
Monitoring of large carnivores is often challenging, due to
their low densities, rarity and cryptic behaviour, and long-term
repeated surveys to monitor trends are generally not consid-
ered feasible (Bauer et al. 2015a). Spoor surveys have been
widely used as a method that can be applied over large areas
(Winterbach et al. 2016), but data are typically insufficient to
determine spatial variation at the level of individual manage-
ment units (Bauer et al. 2017).
Compared with elsewhere on the African continent, large
carnivore declines have been stronger in West and Central
Africa, where fragmented populations are now largely restrict-
ed to protected areas (Craigie et al. 2010; Henschel et al. 2010;
Toni and Lodé 2013; Henschel et al. 2014; Bauer et al. 2015a;
Bohm and Höner 2015; Brugiere et al. 2015; Jacobson et al.
2016). As a result, lions meet the criteria for being listed as
Regionally Critically Endangered in West Africa and
Regionally Endangered in Central Africa (Bauer et al.
2015a). Despite the lack of accurate population estimates of
leopards and spotted hyaenas in a large part of their distribu-
tional range, studies revealed significant population declines
and even their disappearance from many areas in their former
range (Bohm and Höner 2015; Stein et al. 2016).
The Bénoué Complex in Cameroon is a regional strong-
hold for several species of carnivore, including lion, leopard
and spotted hyaena. The Central African savanna ecosystem
extends into Gashaka Gumti National Park (NP) in Nigeria
and Sena Oura NP in Chad, where impacts from, e.g., live-
stock and agricultural encroachment as well as bushmeat
poaching and illegal artisanal mining for gold have substan-
tially degraded the habitat (Croes et al. 2011; Scholte and Iyah
2016). The most recent population estimates for large carni-
vores in the Bénoué Complex suggest a total of 250 lions, 316
leopards and 1376 spotted hyaenas (Bauer et al. 2015b). In
designated hunting zones around the three national parks of
the complex, quotas are assigned annually that allow profes-
sional hunters to hunt several species. While no trophy hunt-
ing quotas are set for leopards, and there is only limited de-
mand for the available quota of spotted hyaena, lion quota in
Cameroon has historically been around 30 lions per annum. In
response to a 2015 survey by Bauer et al. (2015b), the lion
quota was cut to 11, but recently raised again to 14 lions per
year.
To ensure effective conservation actions for the manage-
ment of this key stronghold for large carnivores in West and
Central Africa, long-term monitoring of population abun-
dance indices is vital. Building on the work of Croes et al.
(2011), we extended the large carnivore survey in the Bénoué
Complex to cover more successive years (until 2015) and a
larger area. In this current study, we will answer two different
questions, based on two different analyses. (1) What are the
trends in spoor densities of lion leopard and spotted hyaena, in
relation to area and management type? (2) How is the dispers-
al of the current populations of lion, leopard and spotted
hyaena throughout the complex and how is spoor density
linked to area and management type? Based on both analyses,
we are aiming to gain new insights on conservation
effectiveness.
Materials and methods
The Bénoué Complex in North Cameroon consists of three
national parks (NPs): Faro NP, Bénoué NP and Bouba Ndjida
NP, covering 7580 km2 in total. Each of the three NPs is
surrounded by its own hunting zones (HZs) (covering
15,814 km2), making up three sub-areas that constitute one
contiguous protected complex. The Sudanian wooded savan-
na landscape has a sloping character, with scattered rocky
outcrops rising to 500 m above sea level and two major wa-
terways (the Bénoué and Faro rivers) that hold water year-
round. The Bénoué Complex has a distinct wet (May–
September) and dry seasons (October–April) with an average
temperature of 25 °C (maximum 41 °C). The average annual
precipitation is 1200–1500 mm which falls mainly in the wet
season. Human habitation is only allowed outside the NP pe-
rimeters, but villages have been slowly expanding along the
dirt roads interconnecting the HZs and the NPs’ entrances
(Croes et al. 2011). In 2006, the human population around
Bénoué NP was estimated at around 100,000, with > 60%
migrants from neighbouring countries such as Chad and the
Central African Republic (Endamana et al. 2007). This was
similar around Bouba Ndjida NP and Faro NP. Socio-
economic conditions are poor in the region, with low-quality
education, a low level of health infrastructure and scarcity of
drinking water in the dry season (Endamana et al. 2007).
Local populations are highly dependent on natural resources
in their daily life, but in an unsustainable way (Endamana
et al. 2007).
We used spoor surveys as population abundance indices
for lion, leopard and spotted hyaena in space and time.
Spoors were repeatedly counted on 25 km transects, one or
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two transects in each NP and one or two corresponding tran-
sects in an adjacent HZ (Fig. 1, Table 1). These transects were
selected based on seasonal accessibility, substrate suitability,
representativeness and position (within the Bénoué Complex).
With the exception of one transect in HZ Voko Bantadje (in
the Faro area), which had become a busy road and was
therefore replaced by a comparable alternative, we repeated
surveys using the same method and along the same transects
that were used by Croes et al. (2011) during 2007–2011.
Three transects were added in 2014 and 2015; one in a Faro
HZ, one in a Bénoué HZ and one in Bouba Ndjida NP. These
additional transects were not taken into account in analyses
showing trends over time. Transects were distributed over the
complex to optimise geographical coverage (i.e. with even
distribution between periphery and core areas), but always
such that they crossed habitat that was not notably different
from the wider surroundings.
In 2007–2011, transect counts had been repeated sev-
eral times within two periods of 3 weeks in the dry sea-
son, with a mean sampling interval of 3 days. In 2014 and
2015, each transect was sampled twice a month in the dry
season. The number of repeats is therefore similar across
all years, but less clustered in time for 2014–2015. Spoor
counts were conducted by local research assistants sitting
on the front of a car or on a motorcycle, driving approx-
imately 10 km/h. Surveys were done in the early morning
when spoors are most visible and to avoid disturbance
from traffic, if any. To each survey zone, a team of two
research assistants was assigned, who received a training
prior to the surveys to optimise spoor identification accu-
racy and to reduce observer bias over time and between
each protected area category (i.e. NP vs HZ). Following
the protocol of Funston et al. (2010), we counted all large
carnivore spoors, except when detected within 500 m
(measured in a straight line) from another spoor of the
same species that was not ostensibly a different individu-
al, to prevent double counting. Because spoors on tran-
sects were only sampled with an interval of at least 3 days,
and spoors were only counted if they were fresh (< 24 h),
tracks were not double counted between transect repeats.
Spoor age was estimated by the clarity of the spoors
(sharpness of the edges and the amount of debris in
spoor), all in accordance with standard protocol
(Funston et al. 2020). In the field, each spoor encoun-
tered, species, location, date/time stamp, substrate type
and spoor age were recorded, and at least one picture
was taken for later verification and/or correction purposes.
Based on the spoor, the large carnivore species was iden-
tified by visual appearance and measurements (size and
shape) in the field and photographed by the field assis-
tants. All pictures were verified by the authors and later
double checked by an expert.
To answer the research questions, we did two separate
analyses. The two analyses used different datasets, which
were partly overlapping (see Table 1). The first analysis
focused on the trends in time, taking into account differ-
ences in area and management type, by using a dataset
that includes data from 2007 to 2011 (not every area has
data in each year), 2014 and 2015. The second analysis
focused on the effects area and management type, by
using a (balanced) dataset of only 2014 and 2015. For
both analyses, a similar statistical approach was used.
We used track counts of lion, leopard and spotted hyaena
per year and transect as response variable, assuming that
they were normally distributed. As explanatory variables,
we used area (factor with three levels: Faro, Bénoué and
Bouba Ndjida) and management type (factor with two
levels: hunting zone (HZ), national park (NP)) and time
(continuous:Year). We used a normal linear model (lm),
and started with a maximum model with all possible in-
teractions. We simplified this model to a minimum ade-
quate model by stepwise removing non-significant terms,
taking into account the marginality principle. Depending
on the results, which differed per species and analysis, a
Tukey post hoc test was performed to determine differ-
ences between the three research areas. For the significant
results, predictions (with procedure LSMEANS) were
made for the relevant variables, assuming other variables
as constant. All presented means are calculated on mea-
sured values. If necessary, means of means were taken.
Whether explanatory variables should be considered as
fixed or random variables are in the first place is a matter of
the research focus. Since one can argue that research area in
both analyses and year in the second analysis (and the inter-
action year: area) could be considered random explanatory
variables, we did a preliminary analysis with a mixed model,
using GLMM. From this preliminary analysis, it became clear
that the conclusions of the research remain the same, and we
choose to use the GLM, because of the possibility to extend
our conclusions also to differences between research areas.
All statistical analyses were run in R 3.3.2. (October,
2016), using a significance threshold of p < 0.05.
Table 1 Number of transect repeats per area in the Bénoué Complex
Area Faro Bénoué Bouba Ndjida
Transect A B C/D E F G H I J
Repeats 2007–2011 16 - 16 - 16 8 6 6 -
Repeats 2014 8 7 8 9 9 8 12 12 11
Repeats 2015 10 7 11 8 8 9 8 5 8
Transect D is a replacement for transect C in 2014/2015 in HZ Voko
Bantadje (Faro area). The original transect was not representative any-
more. Transect D was a more comparable replacement in close proximity
of the original transect
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Results
During the 5-year study period, a total of 1089 spoors were
recorded on 9600 km of transects. Table 1 shows the survey
frequency and timing for each of the transects.
The first analyses which had a focus on the temporal dif-
ferences in spoor density showed that for neither of the large
carnivore species (lion, leopard and spotted hyaena), a signif-
icant interaction effect was found between year with area or
management type, indicating that if effects in time were found
they were consistent through the entire complex. Lions
showed a significant effect in year (F(1) = 8.238, p = 0.015)
(Table 2). A reduction of 12.9% per year was found in the lion
spoor density in the measured period. For leopard, there
were no effects of time on the spoor densities in the entire
period of 2007 till 2015 (F(1) = 1354, p = 0.269) (Table 2).
However, based on our second analysis, where only the years
2014 and 2015 were taken into account, a significant interac-
tion effect of time and area for leopards was found (F(2) =
12,108, p = 0.003) (Table 3). Post hoc test showed a 68%
reduction of spoor densities between 2014 and 2015, only
the Faro area. Last, for spotted hyaena, an effect of time was
found (F(1) = 8.200, p = 0.013) (Table 2), where a reduction
of 6.8% per year was found in the spoor density in the mea-
sured period. In addition, our second analysis, where only the
years 2014 and 2015were taken into account, an effect of time
was found (F(1) = 6.4461, p = 0.023). Spotted hyaena spoor
densities showed a 68% reduction throughout the Bénoué
Complex in those years.
The second analyses, which had a focus on the spatial
differences in spoor density, showed that there was a signifi-
cant interaction between area and management type for lions
(F(2) = 14.552, p < 0.001) and leopards found (F(2) = 12.108,
p = 0.003) (Table 4). The post hoc showed that in the Bouba
Ndjida area, lions spoor densities were 11.8 times higher in
the NP compared with the HZs and leopards spoor densities
were 3.1 times higher in the NP compared with the HZs. In
contrast, in the Faro area, lion spoor densities were 3.7 times
higher in the HZs compared with the NP and leopard spoor
densities 1.6 times higher in HZs as compared with NP. In the
Bénoué area, the spoor densities of both species were low, but
did not differ between NP and HZ. For spotted hyaenas, there
was only an effect on area found (F(2) = 17.027, p = < 0.001).
No interaction effect with management type or year has been
Table 2 Measuredmean ± SE spoor density of lion, leopard and spotted
hyaena between 2007 and 2015
Year Spoor density #/25 km
Mean ± SE
Lion Leopard Spotted hyaena
2007 1.435 ± 0.280 0.875 ± 0.700 3.965 ± 0.328
2008 2.000 ± 0.474 0.995 ± 0.580 2.080 ± 0.326
2010 0.340 ± 0.528 1.120 ± 0.438 4.185 ± 0.159
2014 0.910 ± 0.323 0.975 ± 0.567 2.617 ± 0.368
2015 0.493 ± 0.287 0.638 ± 0.528 1.703 ± 0.210
Fig. 1 Map showing spoor transects in the Bénoué complex representing units as follows: A: Faro NP, B: HZ 18, C: HZ Voko Bantadje 1; D: HZ Voko
Bantadje 2; E: HZ 5 F: Bénoué NP, G: HZ 2/3, H: HZ 11, I: Bouba Ndjida NP 1, J: Bouba Njida NP 2
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found (Table 4). Post hoc test showed that the spotted hyaena
spoor density was 3 to 4 times higher in the Faro area as
compared with the rest of the complex (Bénoué area and
Bouba Ndjida area).
Discussion
We found declines in spoor densities of lion and spotted
hyaena throughout the complex which could signal trophic
downgrading (Estes et al. 2011). The strong decline of spotted
hyaena in 2014 and 2015 may indicate that the trophic
downgrading is accelerating, but it still needs to be interpreted
with care due to natural yearly fluctuations in populations.
Lions in particular show strong declines in the Bénoué Area,
which is bisected by a North-South national highway and
livestock corridor that are likely to have contributed to this
population’s fragility. And while spotted hyaenas were not
affected by differences in management practices between
our study areas, lion and leopard abundance did vary depend-
ing on management strategy. Leopards appear to be more
resilient; we found no significant changes in leopard relative
abundances measured between 2007 and 2015, possibly due
to their high level of adaptability to ecosystem change
(Jacobson et al. 2016; Stein et al. 2016; Hayward et al.
2006), or because they cannot be hunted because Cameroon
has no hunting quota for leopard. However, the observed leop-
ard decline in Faro NP during 2014–2015 suggests that this
resilience is not without limits. We do not know the cause of
this decline and we need to interpret it with care, but poaching
may be a factor and in the perspective of the alarming rate at
which leopard numbers are declining across the continent, it
should not be overlooked (Stein et al. 2020).
Since our study aimed at detecting spatiotemporal trends in
large carnivore abundance indices between differently man-
aged zones rather than estimating their densities, we did not
rely on published regression between spoor and carnivore
densities. As a result, the uncertainties that have increasingly
been raised in recent years (e.g. Winterbach et al. 2016; Bauer
et al. 2017; Elliot and Gopalaswamy 2017; Belant et al. 2019)
with respect to the reliability of using spoor counts for density
estimates were eliminated. This makes our method a low-cost,
easy to implement, multi-scale and effective tool for the car-
nivore population monitoring.
It is not surprising to find an overall decline in large carni-
vore numbers in an ecosystem that for decades suffered from
intense and growing anthropogenic pressure, such as
poaching, retaliatory killings, illegal cattle herding, mining
and agricultural encroachment. We suggest that escalation of
threats is also linked to human and livestock immigration from
surrounding countries such as Nigeria, Chad and the Central
African Republic (Endamana et al. 2007). In recent years, the
strain on the natural resources of the Bénoué Complex has
become even higher due to the expansion of old villages and
creation of new villages. Without a transition towards more
sustainable land use practices, this resulted in massive en-
croachment deep into protected areas. These pessimistic ob-
servations were shared by Lindsey et al. (2017), who stated
that the scores across all threats of all three NPs were among
the highest in Africa. Similarly, a 2015 aerial survey by WCS
revealed over 500,000 heads of cattle present in the protected
area complex, numerous gold mining camps in the Bénoué
and Bouba Ndjida areas and a devastating impact of poaching
on the elephant (Loxodonta africana) population (WCS,
Unpubl.).
Table 3 Measured mean ± SE spoor density of leopard in 2014 and
2015
Area Spoor density #/25 km
Mean ± SE
2014 2015
Bénoué 0.220 ± 0.174 0.147 ± 0.178
Bouba Ndjida 1.574 ± 0.330 1.509 ± 0.417
Faro 1.777 ± 0.466 0.558 ± 0.265
Table 4 Measured mean ± SE
spoor density of lion, leopard and
spotted hyaena in the national
parks (NP) and hunting zones
(HZ) of the three areas in 2014
and 2015
Species Type Spoor density #/25 km
Mean ± SE
Bénoué Bouba Ndjida Faro
Lion National park 0.188 ± 0.132 2.792 ± 0.951 0.354 ± 0.203
Hunting zone 0.213 ± 0.357 0.236 ± 0.199 1.310 ± 0.556
Leopard National park 0.275 ± 0.189 1.993 ± 0.558 0.833 ± 0.386
Hunting zone 0.138 ± 0.113 0.639 ± 0.234 1.335 ± 0.349
Spotted Hyaena National park 1.338 ± 0.300 1.226 ± 0.439 2.917 ± 0.669
Hunting zone 0.979 ± 0.400 1.375 ± 0.472 4.504 ± 0.976
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This aerial survey report mentions higher wildlife num-
bers in several ‘pockets’, with Bouba Ndjida NP and the
HZs close to Faro NP still providing the least degraded
habitat, similar to our findings. Details on conservation
management investments across the complex are largely
lacking, but anecdotal information suggests that these two
hotspots have long been more effectively managed. Areas
with trophy hunting do thus not necessarily have lower
carnivore abundances. Anti-poaching efforts and actions
against other illegal intrusions have been more frequent
and stringent here than in the other parts of the protected
areas. Increased funding and support for conservation ef-
forts following the ‘elephant massacres’ (Platt 2012) in
Bouba Ndjida NP have allowed the NP’s management to
implement several protective measures that are now ensur-
ing an important prey base for large carnivores. The higher
lion and leopard spoor densities we found in Bouba Ndjida
NP compared with the adjoining HZs may have been a
direct result of this increased prey availability. Our finding
that spotted hyaena spoor densities did not follow this trend
is consistent with the slow recovery of this species after
substantial population reduction (Smuts 1978) and may
be partly due to their proneness to interspecific competition
with other large carnivores (Creel et al. 2001; Trinkel and
Kastberger 2005. Since large carnivores have large ranges,
populations typically occur across a variety of management
regimes, and the ‘averaging out’ of trends prevents detec-
tion of meaningful trends. We show that monitoring is pos-
sible at a lower spatial scale, showing divergence in trends
between sub-units and between species.
Our study findings are at least indicative of the recovery
potential of the complex as a whole and emphasise the impor-
tance of continued efforts to harmonise anti-poaching strate-
gies, avoid fragmentation and counteract the devastating im-
pact of the growing human population across the ecosystem.
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